Abstract A family is described in which an
Angelman (AS) or happy puppet syndrome' is characterised by mental retardation, jerky movements, and lack of speech, often accompanied by a happy disposition with bouts of uncontrolled laughter and tongue thrusting. The syndrome can often be differentiated by a characteristic electroencephalogram (EEG). 2 High resolution cytogenetic studies have indicated that approximately one half of Angelman syndrome patients have a deletion of proximal chromosome 15 in 15q11-q13.34 This deletion is cytogenetically indistinguishable from that earlier found to be associated with Prader-Willi syndrome5 6with the important distinction that although the deletion appears to be de novo in all of the cases described so far, the chromosome 15 which carries it is the maternally inherited homologue in cases of Angelman syndrome7 and the paternally inherited homologue in PraderWilli syndrome (PWS).8 Molecular studies using probes derived from proximal 15q have confirmed the presence of gene deletions in about half of the probands in each of the two syndromes but also the distinct parental origin of each.> '2 Prader-Willi syndrome has occasionally been reported to recur within a family,"3 14 and his father, who has dark hair and brown eyes, is of above average intelligence. The proband has two maternal uncles and two maternal cousins, all of whom are phenotypically normal, as are his maternal grandparents.
CYTOGENETICS
Lymphocytes from each member of the family were subjected to a series of culture methods designed to facilitate high resolution cytogenetics at the 850 band level. These included synchronising of division with an excess of thymidine followed by release for different periods of time and intercalating the chromosomes with ethidium bromide. Harvesting of the cultures, slide making, GTG banding, and silver staining of nucleolar organiser regions (NOR) were all by standard methods. healthy. Molecular studies indicate that the affected boy has a deletion of his maternal chromosome 15 which includes loci D15S9, DISS1O, DJSSII, D15S12, and DISS13. His mother is heterozygous for loci D1SS1O, D15SS1, and D1SS13 so the deletion has arisen de novo. These findings can be interpreted in several different ways.
(1) The chromosome inversion and Angelman syndrome are fortuitous and distinct. If this is so, then the inversion does not contribute to the manifestation of the syndrome. This is unlikely as Angelman syndrome is closely identified with abnormalities of proximal 15q, and the inversion is maternally inherited, again characteristic of Angelman syndrome.
(2) The inversion has caused disruption of a gene or a contiguous gene segment which leads to the presence of Angelman syndrome. This again seems to be unlikely as three other members of the family also carry this putative disruption. However, both II. 2 (fig 1) . As the area encompassing Angelman syndrome is believed to be within this region, if recombination does occur then looping out leading to unequal crossing over in association with it is very likely.
The deletion in III.1 is believed to be of maternal origin because of the large numbers of crossovers which must be postulated if it was paternally derived and to have arisen de novo because his mother, II.2, is heterozygous at three loci for which he is deleted (DISSIO, DISSI1, and DISS13). The phase of all probes on the inverted chromosome 15 is known in II.1, as her father, I.1, is homozygous for all probes tested. III.1 carries the inversion on the chromosome 15 inherited from his mother but is deleted for D1SS9, DISS1O, DJSS11, DJSS12, and DISS13. He is heterozygous, and so not deleted, at D1SS24 (CMW-1). His father is homozygous aa for D1SS24 and, as he is ab, the b allele must have come from his mother and originally from his grandmother. Thus, the deletion starts proximally on the chromosome of II.1 inherited from her father (I. 1), but there is a recombination with the chromosome derived originally from I.2. This is confirmed by the presence in the deleted/recombined chromosome of the b allele of D1SS24. The crossover at meiosis presumably facilitated the deletion.
Angelman syndrome is associated with de novo deletions occurring in apparently normal homologues of chromosome 15 and with uniparental disomy. Familial rearrangement of the 15p1 1q13 region may also predispose to the syndrome. In this family an inversion involving breakpoints at 15p1 1 and 15q13 has been passed from a grandfather (I. 1) 
